A geological section exposed in an abandoned quarry at Lechówka near Chełm represents the most complete record of the Cretaceous-Paleogene (K-Pg) boundary interval in Poland. Here, a thin clay layer with impact ejecta marks the K-Pg boundary, making Lechówka the single place in Poland with a record of the impact that killed off the dinosaurs. Based on the geoheritage evaluation, the Lechówka outcrop represents a content value of rank intermediate between II and III with the iconographic, symbolic, documental and conceptual contents on the local, regional or even global scale. In spite of the obvious scientific and educational importance of the site, its present state is insufficient to attract 'ordinary' geotourists. In order to ameliorate this situation, transformation of the quarry into an officially protected geosite is called for. Only after a formal, technical and infrastructural upgrade of the Lechówka site, combined with popularisation in the media, tourist guidebooks, websites and natural history museums, will it have a chance to become a widely recognised point on the Cretaceous geoheritage map of southeastern Poland. The most important and already well-known localities on this map are the subterranean chalk mines at Chełm, a series of quarries around the mediaeval town of Kazimierz Dolny and a defunct underground phosphorite mine at Annopol, where there are plans for an educational-geotouristic centre.
Introduction
It is now widely accepted that a catastrophic meteorite impact triggered a mass extinction at the end of the Cretaceous (Alvarez et al. 1980; Schulte et al. 2010) . The Cretaceous-Paleogene (K-Pg) boundary has been formally defined in a global stratotype section near El Kef (Tunisia), at the base of the so-called boundary clay with an anomalous iridium (Ir) concentration (Molina et al. 2009 ). This natural stratigraphical boundary has been recognised in almost 100 sites all over the world. The Lechówka outcrop near Chełm, Lublin Upland (Fig. 1) , provides the first continuous K-Pg succession in Poland ( Figs. 2a and 3) with a distinctive layer of the socalled 'boundary clay' located at the very base of Danian (Paleogene) strata (Racki et al. 2011) .
The Lechówka locality is within administrative limits of the Community of Siedliszcze which belongs to the Lublin voivodeship. Despite its obvious educational and scientific values, the site has not been protected and promoted to date, with the exception of a series of popular-science articles (Machalski 2010; Machalski et al. 2010; Machalski and Harasimiuk 2012) . Moreover, current scientific values of the Lechówka site are not attractive enough to draw the attention of people who are not strictly involved into the 'Cretaceous World'. Today, this remote and isolated section is rather poorly This article is part of the Topical Collection on Geoheritage and Conservation: Modern Approaches and Applications Towards the 2030 Agenda, IX ProGEO Symposium, Poland, 25-28th June, 2018 exposed and its state deteriorates year by year because of a lack of proper protection and conservation. It would seem that the sole remedy to ameliorate this unsatisfactory status quo is to create an official geosite at Lechówka and to present it, in a wider perspective, as an important, albeit still underappreciated, point on the map of 'Cretaceous geo-attractions' in the Lublin voivodeship.
The preliminary results of this work were presented as an abstract and poster during the 9th ProGEO Symposium (June 25-28, 2018) at Chęciny, Poland (Stróżyk et al. 2018 ).
The Geological Description of the Lechówka Section
The outcrop (51°10′ 07.0″ N, 23°14′ 24.5″ E) studied is a small, abandoned quarry ( Fig. 1c ) near the village of Lechówka, south of the main road between Lublin and Chełm. The quarry is located on a small hilltop, at the edge of a forest, 1.2 km south of this main road (Fig. 1b) .
The sedimentary succession exposed at Lechówka (Figs. 1, 2, and 3) is marine in origin and comprises the most complete record of the Cretaceous-Paleogene boundary in Poland (Racki et al. 2011; Machalski et al. 2016) . In terms of lithological development and stratigraphy, it documents striking analogues to the renowned Cretaceous-Paleogene (K-Pg) boundary succession at Stevns Klint in Denmark (Surlyk et al. 2006) . The succession currently exposed at Lechówka is c. 4 m thick ( Fig. 3 ) and starts with a siliceous limestone with significant amount of sponge spicules (referred to as 'opoka' by Polish geologists; see Pożaryska 1952; Bąk and Szeląg 2013; Jurkowska et al. 2019) . Locally, there is a brecciated interval within this unit, most probably of tectonic origin (Fig. 3) . The siliceous limestone is decalcified at the top and passes upwards into a marly unit. Both these units are late Maastrichtian in age (Racki et al. 2011; Machalski et al. 2016) . Higher up in the section, there is a thin layer of dark clay (Figs. 2a and 3), composed mainly of smectite-nontronite and Machalski et al. 2016, modified) . c General view of the Lechówka outcrop, photo by M. Machalski (2008) montmorillonite (Szopa et al. 2017 ) and interpreted as the K-Pg boundary clay following publication of a paper by Racki et al. (2011) . Above the boundary clay there is a thin, white, burrowed unit, which is overlain by a glauconite-rich interval (the 'glauconitite' in Fig. 3 ; see Gazda et al. 1992 ). Both units are decalcified and overlain by highly porous light opoka with faint traces of rhythmic bedding, which is decalcified as well. Starting with the boundary clay, all successive units of the Lechówka succession are of Danian age (Racki et al. 2011; Machalski et al. 2016) .
Locally, the top of the Danian strata is truncated by green glauconite-rich sands with quartz gravel, probably marine in origin ( Figs. 2b and 3 ). These sands are conventionally referred to Oligocene (Krzowski 2000 ; see also Pożaryski 1951) . A very thin veneer of Quaternary sands and soil forms the top of the section (Fig. 2b ).
Scientific and Educational Importance of the Lechówka Section
In spite of the fact that the Lechówka section is distinctly overprinted by weathering processes, this site offers a unique combination of data on the Maastrichtian-Danian interval. These data have been discussed previously in a series of papers (Racki et al. 2011; Brachaniec et al. 2014; Machalski et al. 2016; Szopa et al. 2017 ) and can be summarised as follows:
Firstly, an anomalous concentration of Ir (9.6 ppb) and other siderophilic elements such as Au, Ni and Co have been detected in the section. These amounts are consistent with the chondritic composition of the K-Pg impactor (Racki et al. 2011 ). However, the main Ir anomaly does not occur in the boundary clay itself, but has migrated~10 cm downwards in the section (Fig. 3) , probably due to the activity of humic acid-rich ground waters Fig. 2 a The Cretaceous-Paleogene (K-Pg) boundary clay layer as exposed at Lechówka (arrowed). b Glauconitic sands and Quaternary deposits at the top of the section. K Cretaceous, Pg Paleogene, Ol Oligocene, Q Quaternary. Photos by M. Machalski (2008) Fig. 3 Lithological and stratigraphical log of the Lechówka section and the iridium content in the section (after Racki et al. 2011, modified) during the Paleogene (Racki et al. 2011) . This modified record of the K-Pg boundary event is of key importance for the K-Pg boundary studies worldwide, pointing to a careful reconsideration of the iridium anomaly as a trustworthy marker for studying the extinction patterns across the K-Pg boundary (Racki et al. 2011) .
Secondly, the boundary clay at Lechówka contains spherules, similar to the glass spherules known from K-Pg sites elsewhere. The impact origin of spherules from Lechówka has been confirmed by the presence of nickel-rich spinel grains on their surfaces (Brachaniec et al. 2014) .
Thirdly, fragments of metallic aggregates, which represent altered ancient iron meteorite have been recorded from the clay. The presence of primary kamacite, taenite and schreibersite enclosed in secondary Ni-rich oxides or hydroxides confirms the extraterrestrial origin of this material (Szopa et al. 2017 ). However, its composition is inconsistent with the chondritic nature assumed for the main K-Pg impactor and, therefore, the Lechówka palaeometeorite has been interpreted as an independent local meteoritic fall (Szopa et al. 2017) .
Fourthly, the upper Maastrichtian part of the section contains abundant macrofossils of latest Cretaceous marine invertebrates, predominantly remains of siliceous sponges and bivalves, including scallops and oysters, but also ammonite moulds (Hoploscaphites constrictus and Baculites sp.). The Lechówka site is among 29 sites known worldwide with a documented record of the stratigraphically youngest ammonites (Landman et al. 2014 (Landman et al. , 2015 . Microfossils are represented by foraminifera and dinoflagellate cysts, which have been used for biostratigraphical correlations and environmental interpretation of the Lechówka section .
The geological significance of the Lechówka site is by no means restricted to the K-Pg record. The Danian decalcified opoka, the so-called 'ziemia krzemionkowa', was excavated here during the last century and used in the chemical industry (Tarnas 1963) . Therefore, the quarry also represents a mining geoheritage object. The decalcification of the opoka took place in the period between the regression of the Danian sea and the Paleogene (Oligocene?) marine transgression, under conditions of prolonged continental weathering (Pożaryski 1951) , possibly related to the Palaeocene-Eocene Thermal Maximum (Racki et al. 2011) .
Geological values, providing scientific evidence of the past development of the Earth, affect the educational importance of the Lechówka succession and may be the crucial starting point for demonstration the Earth's history. Currently, the condition of the Lechówka succession makes it essentially educational only for a small group of people (scientists, Earth Science lecturers and students). Improvement of the exposure of the site, its geoconservation and easy accessibility as well as its popularisation will certainly result in increasing its educational values for a wider audience (elementary/primary schools pupils and general tourist).
Geoheritage Map of the Lublin Voivodeship in Cretaceous and Cretaceous-Paleogene Terms
Several communities located in the Lublin voivodeship offer cultural and natural attractions (Bronisz et al. 2015; Gonera et al. 2015) . There are 354 officially registered geosities in this part of Poland, including 97 which are directly connected to Cretaceous and/or Cretaceous-Paleogene rocks (Polish Geological Institute-National Research Institute (n.d.) Central Register of Polish Geosites: http://geoportal.pgi.gov. pl/portal/page/portal/geostanowiska/projekt). Such a large participation of Cretaceous-related geosities results from the fact that this part of Poland is particularly rich in outcrops of rocks of this age (mainly Campanian and Maastrichtian; see Fig. 1 in Walaszczyk et al. 1999; also Voigt et al. 2008) . Wimbledon et al. (1998) defined geoheritage frameworks for European countries (including Poland), within which selection of sites may occur. Among these frameworks, areas of occurrence of Cretaceous or Cretaceous-Paleogene outcrops within the administrative limits of the Lublin voivodeship were distinguished. These areas belong to following categories: (1) The most attractive 'Cretaceous point' located in close proximity of Lechówka is the town of Chełm (Lublin Upland), 15 km east of the study area (Fig. 1a) . The main geological attraction of Chełm, the city of which is rich in architectural monuments reflecting its multi-cultural history, are subterranean chalk mines, the so-called Chełm Chalk Tunnels (Taurogiński 2010) . This is unique (both in Poland and Europe) maze of underground corridors carved in white chalk of early late Maastrichtian (see Dubicka and Peryt 2011) . Being an important commodity, the chalk was exploited commercially in the mines beneath the Old Town. The mining activity at Chełm started during the Middle Ages and continued to the end of the nineteenth century, when it came to a halt because of increased risks for houses and residents. The complex systems of tunnels were made accessible to visitors in the 1970s. In total, their length attains 40 km, 2 km of which constitute a touristic route with geological and archaeological exhibits, accessible today (Taurogiński 2010; Gonera et al. 2015) .
Further, to the west of the Lechówka site, there is the most important area on the Cretaceous geoheritage map of the Lublin voivodeship (embracing also the easternmost parts of the Świętokrzyskie and Mazowieckie voivodeships). This is the so-called Middle Vistula River section-a series of natural and artificial outcrops located along the banks of the River Vistula (Pożaryski 1938; Dubicka and Peryt 2012; Walaszczyk et al. 2016 ). The section is to form the core of the aspiring 'Geopark Małopolska Gap of the Middle Vistula River' .
At the northern end of the Middle Vistula River section, a group of small disused quarries are located in the vicinity of the mediaeval town of Kazimierz Dolny (Fig. 1a) . These quarries, at Bochotnica (Fig. 4a ), Nasiłów and south of Kazimierz Dolny (the so-called Town Quarry) expose upper Maastrichtian and/or Danian strata, mainly gaizes (carbonate rocks containing significant amount of detrital quartz and glauconite, see Sujkowski 1931) and opokas, which were excavated in the past for building stone and material for river regulation (Bąk and Szeląg 2013) . The K-Pg boundary interval is accessible at several localities in the area (Pożaryska and Pożaryski 1951; Machalski 1998) . The succession (exemplified in Fig. 4a ) starts with upper Maastrichtian opoka (Kazimierz Opoka) capped by a limestone layer with numerous crustacean burrows. Higher up, there is a layer of Danian glauconitic sandstone (Greensand) with phosphatic nodules. The greensand passes gradually upwards into gaizes and limestones of the so-called Siwak, of Danian age. The uppermost Maastrichtian and lowermost Danian deposits, including the boundary clay, were originally present in the area, but have subsequently been removed during the early phases of the Danian transgression (Machalski 1998; Machalski and Jagt 2018) . In comparison to these three outcrops from the Middle Vistula River section (Kazimierz Dolny, Nasiłów and Bochotnica), the record of the K-Pg interval at Lechówka is more complete (Racki et al. 2011 ). Both locations-the Middle Vistula River section and Lechówka-complement each other as far as the problematics of the K-Pg interval is concerned. One of the old quarries at Bochotnica with galleries left after underground excavation of opoka, has been protected since 1992 as a documentary site of unanimated nature. It is referred to as the 'Wall of Krystyna and Władysław Pożaryski' (Dybkowska 1993) to commemorate these couple of Polish geoscientists who published several works on the Polish Cretaceous.
Many sections in the Kazimierz Dolny area are still accessible (Walaszczyk et al. 1999) . Numerous, often spectacular fossils can be collected there (particularly from the Kazimierz Opoka and Greensand, see Abdel-Gawad 1986; Machalski and Jagt 2018) . These facts, in combination with the high, natural landscape and cultural attractions of the Kazimierz Dolny area (Pawłowski 1995; Kowalczyk and Pawłowski 1998; Mezer-Sobotkowska and Sobotkowski 2006) , make it one of the key spots on the geotouristic map of Poland.
At the southern end of the Middle Vistula River section, there is the small town of Annopol, situated on the right bank of the River Vistula (Fig. 1a) . The Cretaceous marine sands, marls and limestones exposed along the limbs of the Annopol anticline range in age from early Albian to middle Turonian (Machalski and Kennedy 2013; Dubicka and Machalski 2016 ). Between 1926 and 1970 Albian phosphorite horizon at Annopol was mined for use in the production of fertilisers; the most intense exploration of phosphorites took place in an underground mine (Makowska and Jędrzejczak 1975) .
The long-abandoned mine at Annopol has recently been brought back to the public attention by spectacular finds of Cretaceous marine reptiles, including ichthyosaurs (Machalski et al. 2009; Machalski 2011) . Subsequent palaeontological exploration of the Annopol area, inclusive of the mine, by a team led by M. Machalski (Fig. 4b) , has yielded extensive collections of Cretaceous fossils, including over 2,000 vertebrate bones and teeth (e.g., Bardet et al. 2016) . However, it is not only Cretaceous fossils and deposits that contribute to the value of the Annopol site. Elements of mining infrastructure are still preserved in the mine, including a timber roof and wall support, transportation carts, railway tracks, examples of mining machinery and tools, storehouses and workshops. The Annopol mine is an important Fig. 4 a General view of the outcrop behind the old watermill at Bochotnica; note: abundant crustacean burrows at the top of the upper Maastrichtian opoka and entrance to gallery left after underground excavation of opoka. b An exposure of the phosphorite horizon in the underground mine at Annopol. KO Kazimierz Opoka, G Greensand, S Siwak, PH phosphorite horizon; both photos by M. Machalski (2005 and 2013, respectively) reference site for the study of Cretaceous strata, being also of high educational and touristic acclaim in the field of mining history. In appreciation of its unique combination of geoheritage values, an idea to create an educational-geotouristic centre at Annopol was born (Machalski and Liwiński 2018) . The geocentre project still awaits implementation, which hopefully would strengthen the otherwise low touristic potential of the Annopol region.
Geoheritage Qualification of the Lechówka Site
The evaluation and qualification of geosites depend on both the relevance of the meaning attributed to the objects by scientific communities and the public understanding of such meanings related to the social use of the objects (Pena dos Reis and Henriques 2009). The Lechówka site has significant scientific value which attributes the outcrop to the iconographic content. The section contains the record of the K-Pg mass extiction event and its effects-boundary clay and changes in micro-and macrofossils, including the one of the latest ammonite faunas over the world (Landman et al. 2014 (Landman et al. , 2015 . Geochemical and mineralogical features (Brachaniec et al. 2014; Szopa et al. 2017) , relevant for understanding changes during the K-Pg interval, correspond to the documental or even conceptual contents, particulary based on regional or global (the last ammonites and "migrated" Ir anomaly) scale geology. Other geoheritage contents can be recognised, namely the symbolic content. Proximity to historical monuments (Chełm and Kazimierz Dolny) contributes to attract people. Following the scientific and cultural heritage characterising the Lechówka section, it has local, regional and global level of relevance grade and also iconographic, documental, symbolic and conceptual content of abstract perceptiveness. Based on this estimation, the Lechówka outcrop represents a content value of rank intermediate between II and III (Fig. 5) , following the scheme proposed by Pena dos Reis and Henriques (2009) .
Reasons Behind Plans to Conserve the Site at Lechówka
In view of the above-mentioned unique combination of scientific and educational values, the Lechówka site is frequently visited by scientists and students of geology and geography, although it is totally unknown to general geotourists. So far, being totally unaware of this locality, they have ignored it in view of its remote location, poor accessibility and lack of description in standard touristic publications and websites. To date, the Lechówka site has been presented only in popular-science articles of local circulation (Machalski 2010; Machalski et al. 2010; Machalski and Harasimiuk 2012) . There are no other objects of geological interest in the vicinity of the quarry, except for two pits (Fig. 1b) which expose Quaternary fluvio-glacial deposits (sands, gravel and clay deposits with erratic boulders) and also some probably redeposited upper Maastrichtian opoka; one of these pits is officially registered as a geosite (https://geostanowiska.pgi. gov.pl/gsapp_v2/Default.aspx). In this respect, it should be noted that the Community of Siedliszcze, despite its interesting (pre) history (Figiel et al. 2011) , has limited touristic potential as is expressed by a low integrated index of tourist attractiveness (ZWAT, see Bronisz et al. 2015) . Last, Fig. 5 The geoheritage estimation of the Lechówka site (green field) based on the system of qualification of the geological heritage contents (Pena dos Reis and Henriques 2009, modified). The iconographic, symbolic, documental and conceptual contents on the local, regional or global scale indicate the rank intermediate between II and III of the site but not the least, the Lechówka site now experiences continuous deterioration as a result of solifluction processes.
In order to assure permanent access by specialists to the Lechówka quarry, as well as to make it 'visible' to ordinary geotourists, the site should be afforded official protection. The following steps are planned to conserve this site: (1) creation of a formal geosite at Lechówka (sensu Alexandrowicz 2003);
(2) formal inclusion of the section into the Central Register of Polish Geosites (CRPG), run by the Polish Geological Institute-Polish Research Institute (PIG-PIB); (3) operational protection of the site and appropriate marking of the outcrop in the field by putting up an information board with explanatory notes on its scientific importance; and (4) publication of a popular science description of the site on the website of the Community of Siedliszcze. Technical protection of the quarry faces from landslides and construction of a road to the quarry would be also advisable in order to improve the geotouristic infrastructure of the site.
All these steps cannot be completed without the cooperation of the local community and authorities. The Mayor of the Community of Siedliszcze has declared his help in the implementation of the project and has demonstrated an understanding of the scientific and educational importance of this site. The same positive attitude has also been expressed by the owner of the land on which the outcrop is situated. We believe that the cooperation with local authorities will result in the improvement of the exposure of the Lechówka succession and develops the educational potential of the site.
Concluding Remarks
The present contribution highligts problems with proper management and popularisation of isolated geoheritage sites. On the one hand, the section exposed at Lechówka yields the most complete record of the Cretaceous-Paleogene (K-Pg) boundary interval in Poland. It is a geological site of high scientific and educational values, being the only place in Poland where there is a record of the impact which killed off the dinosaurs! The assignation of the Lechówka succession to the rank intermediate between II and III of geoheritage evaluation (sensu Pena dos Reis and Henriques 2009) based on iconographic, documental, symbolic and conceptual contents indicate its importance. The geographically nearest outcrops in Europe with a record of K-Pg events are those located at Stevns Klint in Denmark (Surlyk et al. 2006 ). However, the Lechówka site currently has limited geotouristic potential due to its location in an otherwise geotouristically unattractive area, poor exposure and rather difficult accessibility. In order to ameliorate the situation, transformation of the quarry into an officially protected geosite is needed, as outlined above. Moreover, the site needs support by promulgation in local and regional media, tourist guidebooks, websites and natural history museums (e.g., Muzeum Ziemi Chełmskiej or in JuraPark Bałtów).
Only after a formal, technical and infrastructural upgrade of the Lechówka quarry, combined with an information campaign in the media, will have a chance to become an important point on the Cretaceous geoheritage map of the Lublin vo ievo desh ip. Th e site s hou ld be viewe d-a nd popularised-as complementary to the better-known geoheritage gems of southeastern Poland, at Chełm, in the environs of Kazimierz Dolny and possibly at Annopol, if the geocentre concept in the underground mine will eventually be implemented.
